n the cutting edge [4] [5] [6] [7] [8] [9] [10] [11] Initial treatments are damage control interventions, including hemorrhage control, wound debridement and irrigation, placement of external fixators and negative-pressure wound therapy devices, and amputations or fasciotomies when indicated. Implanting internal fixation devices in American personnel is generally contraindicated in the war zone. 5, 6 However, host nation military and civilians often receive definitive treatment of their injuries at these combat hospitals. Treatment may include internal fixation devices as wounds and fracture personalities dictate. Limited data exist on internal fixation performed in the war zone. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] The Level III hospital facility in Bagram, Afghanistan, receives many Afghan casualties for definitive treatment of their injuries. At the end of February 2007, the hospital moved from the 14th Combat Surgical Hospital to the Craig Joint Theater Hospital. The Combat Surgical Hospital was a traditional field hospital, constructed from temporary structures with operating rooms in storage containers. The Craig Joint Theater Hospital facility is a permanent facility similar in size to a small community hospital in the United States but designed for and primarily dedicated to trauma care ( Figure 1 ). Sterility of operating conditions was more of a concern at the Combat Surgical Hospital. Digital radiography, computerized tomography scanning, fluoroscopy, and a wide complement of orthopedic implants are available. Cases performed in both facilities are included in this study.
The authors deployed multiple times to the Level III hospital in Bagram and selectively used internal fixation devices for definitive fracture treatment. The cost of these implants is substantial, and the ability to remove infected implants after the withdrawal of American military medical personnel may be limited. Many factors affect Afghan patients' ability to follow up, including finances, distance, and Abstract: Limited data are available on the use of internal fixation in combat zone hospitals. The authors performed a retrospective review of 713 surgical cases during 2 Operation Enduring Freedom deployments to a Level III theater hospital in 2007 and 2009 to 2010. The epidemiology and short-to intermediate-term outcomes of patients treated with internal fixation devices were studied. The authors found that, with judicious use, internal fixation under a damage control protocol in a combat theater hospital can be performed with acceptable complication rates.
n the cutting edge security concerns. However, many patients attend 1 or more follow-up appointments.
The authors studied the epidemiology of deployed orthopedic surgical cases and the short-to intermediateterm follow-up on the use of internal fixation in a combat zone military hospital. They hypothesized that the use of a consistent, defined protocol for the treatment of battlefield fractures would contribute to acceptable rates of infection and union after the use of internal fixation in a Level III combat theater hospital. [4] [5] [6] [7] [8] [9] [10] [11] Patients underwent early, aggressive wound debridement, removing devitalized tissue and foreign debris, generally within hours of their injury depending on the number of casualties received. All wounds were irrigated with a minimum of 9 L of normal saline without additives. Patients returned to the operating room in 24 to 72 hours for repeat debridements as dictated by the extent of the soft tissue injury and contamination. Seventytwo hours was preferred for most cases. All wounds under- 
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n the cutting edge Two (3%) infections occurred: 1 in a patient referred with a preexisting infection and the other in a referral case revised from a lag screw and external fixation construct to a femoral intramedullary nail. The former patient had an ongoing infected nonunion, and the treatment plan moving forward was not clearly documented. The latter patient was treated with hardware removal and intravenous antibiotics, but documentation of infection eradication was not available. Of the 37 patients with adequate follow-up to determine fracture healing, 2 delayed unions and 1 nonunion occurred, a rate of 8%. Of the 2 delayed unions, 1 was treated with tibial nail dynamization and iliac crest autograft, and the other was treated with dynamization and a fibular osteotomy. The nonunion patient was the same with an ongoing infected tibial nonunion mentioned above. In addition, 2 patients with large segmental defects underwent planned exchange of their antibioticimpregnated PMMA bead spacers with iliac crest autograft. Thus, a total of 5 (8%) cases required additional procedures.
discussion
The epidemiology of the 713 deployed orthopedic surgical cases presented in this article is similar to that reported by Owens et al 2 in their review of 3575 extremity injuries: 59.8% were from explosions (IED or indirect fire) and 23.3% from gunshot wounds in the current study's most recent deployment data vs 75% and 16%, respectively, in the study of Owens et al. 2 Notably, the percentage of IED injuries increased from 8.5% to 36.5% between deployments (P,.0001), reflecting an increased use of this technology. Also, the number 3A 3B 3C n the cutting edge of injured limbs per patient significantly increased from 1.46 to 1.74 (P5.019), also reflecting an increasing severity of energy mechanisms during Operation Enduring Freedom. Of the 713 cases, 79% were not American casualties, providing a large number of patients requiring definitive treatment of their injuries in a combat environment.
Internal fixation in US and NATO forces is generally not indicated in the combat zone due to concerns over infection rates and the need for timesensitive stabilizing procedures as patients move through the evacuation chain. [4] [5] [6] In rare injuries, such as a displaced femoral neck fracture, internal fixation may be considered in coalition patients. With minimal data available, it is difficult to conclude whether the benefits of operative fixation would outweigh infection risk. In addition, many Level III and some Level II facilities provide care to host nation personnel, which includes definitive treatment of their injuries. With limited follow-up available, it is difficult to treat these patients definitively in casts or external fixators, and hospital capacities would not 5A 5B n the cutting edge accommodate keeping these patients until fracture healing has occurred, so when soft tissue injuries will reasonably allow the use of internal fixation for reconstructible bony injuries, clear advantages exist. Some data exist on the use of internal fixation in combat zone facilities. Historical articles from World War II through the Bosnian-Croatian-Serbian War outline many important aspects of damage control treatment of combat orthopedic injuries, but few conclusions can be drawn about the safety or usefulness of internal fixation in combat injuries. [15] [16] [17] [18] [19] [20] [21] 25 More recently, Keeney et al 13 reported 2-month follow-up on 12 fractures and 6-month followup on 5 fractures treated with femoral intramedullary nails in host nation patients at a Level III facility during Operation Iraqi Freedom. They reported no known infections, but no patient with a high-grade soft tissue injury underwent intramedullary nailing, whereas the current study included many patients with high-grade soft tissue injuries.
Stinner et al 14 presented 50 internal fixation procedures in American military personnel performed in a combat environment. Thirty-two percent of fractures were open from a blast or gunshot wound, whereas 68% were closed, blunt injury cases. A higher proportion of ballistic injuries and open fractures are presented in the current study (Table 1) , and 82% of their patients had fixation on the day of injury. They reported 1 infection, presenting 4 weeks out, and concluded that the judicious use of internal fixation in an established, well-equipped facility within a combat environment may be safely performed. n the cutting edge for battlefield femur and tibia fractures. Eighty-eight percent of their fractures were open vs 59% in the current study. They had a 40% infection rate, with a median time to infection of 15 days. Fifty-seven percent of infections occurred within 1 month, and 75% presented by day 113.
12 Thus, the current study's follow-up of 14 to 447 days should have captured the majority of infections.
More recently, Burns et al 28 reported a 27% infection rate in 213 Gustilo-Anderson type III combat open tibial fractures. Patients received an average of 6 debridements, and the timing of infections was not reported. Patients with positive surveillance cultures were more likely to develop an infection or undergo an amputation, but these cultures were not predictive of the infecting organism. 28 The current authors did not perform surveillance cultures in this series. Although it is likely that some patients from the current series presented elsewhere with late infections, it is unlikely that these missed infections would increase the infection rate from 3% to the 27% to 40% rates reported above 12, 28 ; however, the patients in these other series had more extensive wounds.
Two infections occurred in the current series, 1 in a patient being treated for a preexisting tibial infection that recurred. Two other patients treated for preexisting infections were cured of ongoing infection at most recent followup. The low rate of infection experienced here may be due to many factors. A consistent damage control protocol with a minimum of 2 debridements was used prior to any fixation procedures, so all open fracture internal fixation procedures occurred on day 5 to 10, the physiologic ideal time for definitive surgery in Pape's 27 description of the immunologic response to polytrauma. Despite the poor access to health care for most Afghan people, multi-drug resistant organisms are frequently present in Afghan patients in Bagram. 28 Environmental or genetic factors may help explain the current study's lack of surgical infections from antibiotic-resistant organisms reported by others on combat casualties.
29-31
The current authors aggressively used negative-pressure wound therapy and antibioticimpregnated calcium sulfate or PMMA beads, which have been shown to decrease infection rates.
32-37 Intravenous cefazolin was continued for 48 hours after the wounds were closed or covered. Others have recommended discontinuing antibiotics 24 hours after the wound is clean, even if it is not closed. 38 A recent review provides recommendations on antibiotic use for combat extremity injuries, which also covers different antibiotic selections between deployments.
38
The 5 (8%) patients in the current series requiring additional procedures compares favorably with the 21% reported by Stinner et al.
14 Longer follow-up would likely result in a higher number. Although the follow-up rate of 55% is a limitation of the current study, given the challenges related to following patients and collecting data in deployed locations, this is the largest series reported on the use of internal fixation in a combat hospital. A major contribution n the cutting edge from this study is an evaluation of the possible burden left from Operation Enduring Freedom after the withdrawal of American medical assets. Advanced implant use could leave thousands of Afghan patients with implants that local surgeons cannot remove if they become infected. This is an ongoing concern, but based on the experience presented here, does not seem likely to be a widespread burden.
conclusion
The authors' purpose is not to advocate for aggressive internal fixation use in combat hospitals. The majority of these procedures were performed in Craig Joint Theater Hospital, where the operating rooms have a modern ventilation system and can be kept clean. Treating infection in a developing country is challenging and resource intensive. The best treatment is prevention. The presence of internal fixation complicates the treatment of infection and presents challenges in hardware removal and fracture union. Without more data to support the safety of internal fixation in a field environment, the authors believe that the least invasive treatment that will adequately treat the fracture should be used.
The goals of fracture treatment in an austere environment should balance the benefits of fracture stabilization with the risks of operative interventions. In many cases, this is a complex decision due to extensive wounds or substantial bone and articular surface loss. Many patients treated during this time period had casts, definitive external fixators, or percutaneous pinning. However, in other cases, internal fixation devices were the treatment of choice. This study's results support that internal fixation, when used selectively under a reproducible damage control protocol, can be safely used in a combat environment with a low complication rate. Further study and longer-term follow-up on this issue will be critical.
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